Objective To describe the sonographic appearance of normal anal sphincter anatomy and sphincter Design Prospective, single-blind study.
INTRODUCTION
Ultrasound with an endoanal probe has added significantly to our ability to determine accurately the occurrence and extent of anatomical anal sphincter mechanism damage'.*. However, the specialised endoanal probes that have been used for these examinations are expensive and unavailable in many units, a fact which greatly limits acquiring these images for research and clinical management. Recent report^^.^ have documented the ability of externally applied ultrasound probes to visualise the sphincter complex but faecal incontinence symptoms were not evaluated.
This study was carried out to evaluate the ability of a conventional convex transducer placed on the perineum to visualise normal anatomy and to detect damage to the anal sphincters in patients with obstetrical injuries and/or symptoms of faecal incontinence. 
METHODS
The Institutional Research Board, the Ethical Committee of the University of Michigan Medical Center, Ann Arbor, USA, gave approval for this study. Sixty-eight women were recruited from the Gynecology Clinic of the Department of Obstetrics and Gynecology, Anorectal Manometry Unit, Department of Medicine, University of Michigan Medical Center, and gave informed consent to participate in the study. Twenty-five of these women (mean age 47.3 years [SD 15-01) had complaints of faecal incontinence and 32 parous women (mean age 50-3 years [SD 13.81) and 11 nulliparous women (mean age 30.3 years [SD 8-81) had no history of faecal incontinence. All patients and controls completed a standardised list of questions concerning symptoms of faecal urgency, discrimination between gas and stool, soiling and incontinence of gas, liquid stool and solid stool.
Exoanal ultrasound was carried out with a 5 MHz convex scanner (Siemens SI 400, Siemens-Medical, Erlangen, Germany) with women in the lithotomy position. The scanner was positioned on the perineal body and directed perpendicular to the longitudinal axis of the anal canal. To improve the visualisation of the anterior parts of the sphincter, a large amount of ultrasound jelly was used; the transducer was held on this 'jelly-bed' without pressure, thereby creating a greater distance between the probe and the sphincter. The angle of the transducer was adjusted until the hypoechoic ring of the internal anal sphincter had its minimum anteriorposterior diameter, indicating that the scanning plane shown was perpendicular to the longitudinal axis of the sphincter. The transducer was then moved cephalad and caudad along the anal canal maintaining the same angle until the maximum thickness of the internal sphincter was identified. The upper and lower margins of the external sphincter were studied by advancing the transducer upwards until the 'V' of the levator ani was identified and downwards till the ring of the subcutaneous external anal sphincter was visible in the area below the internal sphincter. To obtain a sagittal view of the sphincter ani muscles, the transducer was turned 90 degrees and placed over the vulva to visualise the pubic bone, the bladder and the urethra. The scanner was then rotated downward showing the vagina first and then the rectum and the anal sphincter in a sagittal plane.
A sphincter defect was defined as a persistently visible gap in the continuous structure of the internal or the external sphincter visible in multiple views. While the internal sphincter appeared hypoechoic and the external sphincter hyperechoic, defects had a middle dense echo.
The ultrasound examination was recorded on a videotape to allow subsequent detailed analysis. Two examiners, who were blinded to each other's results, determined whether anal sphincter defects were present or absent from the video records.
RESULTS
The internal anal sphincter, the external anal sphincter and the sling of the puborectalis muscle could be identified in all patients. Figure 1 shows the typical crosssectional appearance of a normal sphincter. The mucosa and submucosa are hyperechoic with a convoluted surface. Surrounding this is the circular, homogenous hypoechoic structure of the internal anal sphincter. The internal anal sphincter can be identified from the anorectal angle down to its distal end just proximal to the anal verge. The external anal sphincter is hyperechoic (Fig. la) . The proximal part is adjacent to the sling of the puborectalis muscle (Fig. lb) , which appears hyperechoic as well. Figure 2 shows the sagittal view of the anal canal, revealing the sagittal extent of the sphincters. Figure 3a shows the internal and external sphincter in a women with a chronic 4th degree perineal tear and symptoms of incontinence for gas, liquid and solid stools following spontaneous delivery of a 3800 g infant. The defect appears as a gap in the dark line of the internal anal sphincter and the bright band of the external anal sphincter, ranging from 10 o'clock to 2 o'clock. An occult internal and external sphincter lesion is demonstrated in Fig. 3b .
The examiners were in agreement 100% of time on the presence or absence of internal sphincter defects. In one patient they disagreed on the presence of an external sphincter defect. Anal sphincter defects were detected in all women with known third or fourth degree lacerations and in three women with symptoms of faecal incontinence without history of known sphincter damage during delivery. Symptoms reported by the patients are listed in Table 1 . Eight women with sonographically demonstrable defects denied any symptoms of faecal incontinence. In 13/25 women with faecal incontinence no defect could be demonstrated. Among these women, seven were diagnosed with incontinence due to neurogenic injury, three had chronic diarrhoea, one had Crohn's disease and one colitis; another woman had developed faecal incontinence after radiation therapy for endometrial carcinoma. Sphincter reconstructive surgery was performed in five women with sonographic anal sphincter defects and faecal incontinence. The sphincter defect and its location could be confirmed in all five women. 
DISCUSSION
Exoanal ultrasound allows identification of anal sphincter defects. This technique is especially helpful in studying the internal anal sphincter, which is of great functional importance for maintenance of continence5. Except from ultrasound the internal anal sphincter can be assessed only indirectly by manometry, which has a low sensitivity for the detection of internal anal sphincter defects6. Exoanal ultrasound can provide an important diagnostic tool for researchers and clinicians involved in the treatment of patients with anal sphincter damage.
Problems with control of intestinal contents are m~ltifactorial~. Hyperperistaltic conditions such as chronic diarrhoea, Crohn's disease and colitis, and neurogenic damage and sphincter disruption can lead to faecal incontinence. While gastrointestinal diseases can often be ruled out by the patient's bowel history the diagnosis of neurogenic damage involves complex, painful and invasive tests. External sphincter damage
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can be evaluated by ultrasound, EMG-mapping, manometry and palpation while the internal anal sphincter is particularly difficult to assess because, with the exception of ultrasound, it can be assessed only indirectly by manometry. Neurogenic damage to the innervation of the anal sphincter and the levator ani muscle can be caused by vaginal birth or chronic straining in constipated patients8-". Sphincter disruption in females occurs mainly at the time of vaginal birth2!9.
An important contribution to improving the diagnosis of sphincter disruption after childbirth was made when endoanal sonography was used to study women after vaginal birth2J2. Endoanal scanning is an excellent technique to examine the anal sphincters. It has been claimed to be superior over other diagnostic tools for the evaluation of sphincter defects with a sensitivity of detecting sphincter defects of 1 OO%, compared with 89% for EMG-mapping, 67% for manometry and 56% for clinical assessment6. In studying the effect of vaginal birth on the sphincters, Sultan et aL2 documented damage of the internal anal sphincter, the external sphincter or both in 28/79 primiparous women (35%) after vaginal birth. Eight patients in this study complained of faecal urgency, one of incontinence of flatus and one of incontinence for liquid and solid stool. The importance of this study was its observation that women with obstetrical sphincter rupture had symptoms not previously suspected based on their postpartum healing and which were associated with sphincter gaps on sonographic examination. In fact, a number of women whose infant was born over an intact perineum had subcutaneous sphincter damage.
As important as these studies have been, the usefulness of endoanal sonography has been limited by the need for a specialised probe to study the sphincter mechanism. Although used in colon and rectal surgery, this probe is not generally available to obstetricians and gynaecologists who are the individuals most intimately involved in conducting the birth process and understanding birth-related pelvic floor problems. Exoanal ultrasound using a vaginal probe was firstly described by Sultan et aL3 in 1991. Recently Sandridge and Thorp4 used vaginal ultrasound and found internal anal sphincter defects in 36% of patients and of the external anal sphincter in 29% of patients, all of whom had not spontaneously complained of symptoms of faecal incontinence. However, the authors did not confirm any of these defects surgically nor did they question their patients about symptoms of faecal incontinence and they did not provide information on the reproducibility of their measurements. The technique presented in this study was performed with a linear-curved-array scanner which is generally used in perineal ultrasound for evaluation of women presenting with urinary incontinence and vaginal p r~l a p s e '~, '~.
Our results show that the reproducibility for the identification of defects is high and that surgical exploration confirms defects and their location.
Faecal continence depends not only on intact sphincter muscles with functioning nerve supply but also on the puborectalis muscle and stool consistency. It is well documented that the presence of a sphincter defect is not always correlated with faecal incontinence*. In fact, only 12/20 women with sphincter defects in this study actually had symptoms of faecal incontinence. On the other hand only 12/25 patients with faecal incontinence had sphincter defects. The other 13 women had incontinence based on neurogenic damage or on gastrointestinal disorders with hyperparistalsis. Because faecal continence and incontinence has a multifactorial origin it must be understood that ultrasound only can be sued as one diagnostic tool among others. Its ability to distinguish between intact and damaged anal sphincters provides important information when surgical repair of the sphincters is considered.
Endoanal ultrasound has the intrinsic disadvantage of dilating the anal canal because of the size of the probe which is 17 to 22 mm in dian~eter'~J~ and is incapable of sagittal scanning. On the other hand, endoanal ultrasound might provide more detailed information about anal anatomy because higher resolution and the closer contact to the examined tissue. Whether the exoanal probe provides as much information as the endoanal one remains to be seen. Exoanal ultrasound is not a method which can generally substitute endoanal ultrasound in all patients, but this method might be sufficient for the identification or exclusion of sphincter defects in women with faecal incontinence.
The sonographic identity of the visible rings in the anal sphincter have already been e~tablished'~. It is generally accepted that the centrally placed mucosa and the submucosa present as hyperechoic areas surrounded by the internal anal sphincter which appears as a hypoechoic ring. The peripheral external sphincter has a mixed echogenicity with linear patteml5. The accuracy of this description was shown by Tjandra et al. " in 1991 and by Sultan et al. l 8 in 1993 by comparing anal sonography and in vitro and in vivo anatomy. The correct identification of the internal anal sphincter as the hypoechoic structure has been further confirmed by scanning after iatrogenic internal sphincterotomy 19. In addition, and perhaps more importantly, the description of sphincter defects by endoanal ultrasound shows a strong correlation to surgically detected defects6.20. One of the problems in diagnosing external sphincter tears with ultrasound is that the upper part of the sphincter is incomplete in females, as muscle fibers slope downwards and forwards to join together in a intact anterior ring in the mid to lower canal". This might lead to an incorrect interpretation of defects in the upper level.
